of the genus Bacillus and subsequently emended by Shida et al. (1997) . Members of the genus Paenibacillus are aerobic or facultative anaerobic, rod-shaped, and endospore-forming in swollen sporangia. Members of the genus possess anteiso-C15:0 as the major cellular fatty acid and MK-7 as the predominant menaquinone, and the DNA G+C content ranges from 39 to 54 mol% (Shida et al., 1997) . At the time of writing, the genus Paenibacillus comprised over 182 species and 4 subspecies (Euzeby, 1997) . Species belonging to the genus Paenibacillus excrete many kinds of enzymes that degrade natural biopolymers such as xylan (Choi et al., 2008) and produce antibacterial compounds such as polymyxin, oxtoptin, and baciphelacin (Slepecky and Hemphill, 1992) and an antifungal compound (Chung et al., 2000) . Especially, type species of the genus Paenibacillus polymyxa was known to promote plant growth and produce various peptide antibiotics, for example, polymyxin group (Vogler and Studer, 1966) , gatavalin (Nakajima et al., 1972) , LI-F complex (Kurusu et al., 1987) , fusaricidin A (Kajimura and Kaneda, 1996) , gacaserin, and saltavalin (Pichard et al., 1995) . In this study, we report the polyphasic characteristics of a Paenibacillus-like bacterium, having antimicrobial activity against some pathogens, isolated from Kimchi, a traditional food of Korea.
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Materials and Methods
Bacterial isolation and culture conditions
In order to isolate antimicrobial bacteria against Staphylococcus aureus (KCCM 40881), Listeria monocytogenes (ATCC 15313), Salmonella typhi (KNIH 100), Pseudomonas aeruginosa (ATCC 27853), and Candida albicans (ATCC 10231), Kimchi samples were suspended and serially diluted in sterile distilled water and the suspensions were plated onto a hundred times diluted tryptic soy agar (TSA; Difco). After the plates were incubated at 25°C for 4 days, antimicrobial activity of every single colonies were assessed by agar spot test as described in Fleming et al. (1975) . Bacterial strains having antimicrobial activity were selected and purified by repeated streaking on TSA. (Larkin et al., 2007) . Gaps were edited in the BioEdit program (Hall, 1999) . The evolutionary distances were calculated using the Kimura two-parameter model (Kimura, 1980) . The phylogenic tree was constructed by using a neighbor-joining method (Saitou and Nei, 1987) , maximum parsimony (Kluge and Farris, 1969) and maximum likelihood (Felsenstein, 1981) in MEGA7 Program (Kumar et al., 2016) with bootstrap values based on 1,000 replications.
Phenotypic and biochemical characterization
Strain W5-1 T and reference strains were routinely grown on TSA or tryptic soy broth (TSB; Difco) at 30°C for 3 days. Cell morphology, size and motility were observed by phase contrast microscopy (80i, Nikon) on cells under these conditions and flagella staining were carried out according to Heimbrook (1989) . The production of endospores was examined on cells grown at 30°C for 7 days on NA and endospores were detected by using malachite green staining described as Schaeffer and Fulton (1933) . Gram staining was performed with BD Gram stain kits according to the instructions of the manufacturer and with the non-staining method as described by Buck (1982) .
Catalase activity was determined by bubble production in 3%
(v/v) H2O2 and oxidase activity was assessed using oxidase reagent (bioMérieux) according to the manufacturer's instructions after cultivation for 3 days. Acid production from glucose, single-carbon-source assimilations and additional physiological characteristics were determined using the API 20NE and API ID32GN galleries (bioMérieux). All tests were performed according to the instructions of the manufacturer. Hydrolylsis of casein (1%, w/v), starch (1%, w/v), xylan (1%, w/v) and Tween 80 (1%, v/v) were tested as described by Smibert and Krieg (1994) , using TSA as basal medium. DNase test was performed using DNase test agar (Difco). The reference type strains were included in these comparisons and all tests were performed under the same conditions. Salt tolerance was evaluated after incubation at 30°C for 7 days in nutrient broth (NB; Difco) containing 0-5% (w/v; interval of 1%) NaCl. The temperature range for growth was assessed on NA incubated for 7 days at 0, 4, 10, 15, 20, 25, 30, 37, 40, 45 , and 50°C. The pH range for growth was tested in NB adjusted with HCl and NaOH to pH values between 5.0 and 12.0 (interval of 1.0).
Antibiotic sensitivity test was performed on NA medium by disc-diffusion method with laboratory-prepared discs containing of ampicillin (50 µg), spectinomycin (20 µg) streptomycin (10 µg), tetracycline (10 µg), kanamycin (50 µg), penicillin G (50 µg), gentamycin (10 µg), and chloramphenicol (25 µg).
Chemotaxonomic and genomic analyses
For the analysis of cellular fatty acids, strain W5-1 T and other type strains of the genus Paenibacillus were cultivated for 3 days on TSA. The cellular fatty acids were saponified, methylated, and extracted according to the protocol of the Sherlock Microbial Identification System (MIDI) by using the TSBA 40 method. Extracts were then analyzed by gas chromatograph (Hewlett Packard 6890N) using the Microbial Identification software package (Sasser, 1990) . Isoprenoid quinones were extracted with chloroform/methanol (2:1, v/v), evaporated under vacuum conditions, and reextracted in nhexane-water (1:1, v/v). Then, the crude quinone in n-hexane was purified using Sep-Pak ® Vac Cartridges Silica (Waters) and subsequently analyzed by HPLC, as previously described Hiraishi et al. (1996) . Peptidoglycan analysis was determined according to Schleifer and Kandler (1972) .
For the measurement of G+C content of the chromosomal DNA, genomic DNA of the strain was extracted and purified using a genomic DNA extraction kit (Solgent), and was enzymatically degraded into nucleosides, and then the G+C content of DNA was determined as described by Mesbah and Whitman (1989) using a reverse-phase HPLC.
To verify the new taxon of strain W5-1 T , DNA-DNA hybridization experiments were performed between a strain W5-1 T and related five type strains of members of the genus Paenibacillus using photobiotin-labelled DNA probes and microdilution wells as described by Ezaki et al. (1989) . The hybridizations were performed with five replications of each sample, where the highest and lowest values obtained were excluded, and the means of the remaining three values were quoted as the DNA-relatedness value.
Results and Discussion
Morphological and phenotypic characteristics The other phenotypic characteristics of W5-1 T are given in the species description and compared to those of related other type strains of the genus Paenibacillus in Table 1 . Paenibacillus and formed a cluster with P. pinihumi (Fig. 1 ).
Phylogenetic analysis
Chemotaxonomic and genomic analyses
The cellular fatty acid contents of strain W5-1 T and other type strains of the genus Paenibacillus are shown in Table 2 .
The major cellular fatty acids (>10%) of strain W5-1 T were C16:0 (22.4%), anteiso-C15:0 (15.9%), C18:0 (12.4%), and C12:0 (11.3%). This fatty acid profile is characteristic of the genus 322 • Park et al. for strain W5-1 T to be classified as a novel species in the genus (Wayne, 1987) .
미생물학회지 제52권 제3호
Therefore, based on data from this polyphasic study, strain W5-1 T should be classified in the genus Paenibacillus as a representative of a novel species, for which the name
Description of Paenibacillus kimchicus sp. nov.
Paenibacillus kimchicus (kimchicus: kimchi'cus. N.L. n. 
